Abstract This paper investigates the applicability of cerebral blood flow in evaluating the technological adaptability for operating industrial products. The procedure of the experiment was explained to the subjects and informed consent was obtained from them. Twenty male and twenty female subjects (19-22yrs) operated the destination setting task of a car navigation system. Subjects were divided into two sub groups to operate tasks of model A and model B of a car navigation system. Operation time of tasks and cerebral blood flow of frontal region were measured during tasks. Non-invasive measuring of regional cerebral blood flow was estimated by measuring deoxygenated hemoglobin, oxygenated hemoglobin, and total haemoglobin using the time resolved spectroscopy (TRS). Females were faster than males in operating the task of setting the destination searched by street address. Total haemoglobin of male subjects was significantly higher than that of females during resting and tasks. Changes of cerebral blood flow were observed during operating a car navigation system. In this paper we discussed the possibility of physiological evaluation for technological adaptability by means of the performance and brain hemodynamics measurement.
Introduction
Effects on humans with inhalation of odors Iijima et al., 2001; Tsunetsugu et al., 2002) and olfactory sensation of whisky and shochu (Morikawa et al., 2001; have been investigated by means of measuring regional cerebral blood flow using the nearinfrared spectroscopy (NIRS). Furthermore, the relationships between cerebral blood flow and subjective sensations to thermal stimuli (Iwanaga et al., 1999) , the relationship between brain hemodynamics and EEG (Iwanaga et al., 2000) , the effect of auditory stimuli on cerebral blood volume Yamaguchi et al., 2001) , the effect of oral stimuli of drinking coffee on cerebral blood volume (Hatakeyama et al., 2003) were investigated. We have conducted experiments on changes in brain hemodynamics for evaluation of the adaptability for driving (including stress and comfort) using a NIRS (Harada et al., 2002) . The NIRS has the potential for imaging the sequence of brain activation (Hoshi and Tamura, 1997) .
Recently, reported that the time resolved spectroscopy (TRS) might be available for the evaluation of physiological polymorphism of humans. We have also applied the TRS to evaluate the adaptability for operating industrial products.
We are surrounded by many industrial products such as video or DVD player, microwave, washing machine, automobile and many other products with equipped microcomputer which we operate. However, we cannot ignore those products to operate in the urban life.
Furthermore, even when public transportations are available in our daily life, we need a car. However, we are always face with the possibility of traffic accident every day. Traffic accidents are caused by talking with passengers, controlling radio or CD player, looking at a car navigation monitor, talking on the handy phone, and many other reasons. We focused on the evaluation of performance and brain activity during operation of industrial products such as a car navigation system. Car navigation system is commonly used in Japan compared to other countries mainly because of our narrow and complicated roads, and frequent traffic jam in the city. This paper investigates the applicability of the performance and brain hemodynamics in evaluating variation of the technological adaptability for operating industrial products such as a car navigation system by means of measuring operation time and brain activity using the time resolved spectroscopy. 
Variation of Technological

Method
Subjects
Twenty five male (21.1Ϯ0.9) and twenty five female (20.8Ϯ1.0) students volunteered as subjects in the present experiment. The procedure of the experiment was explained to the subjects and informed consent was obtained from them. Ten male (21.1Ϯ0.9) and ten female subjects (20.3Ϯ1.3) operated the task of a car navigation system of model A. The other fifteen male (21.0Ϯ0.9) and fifteen female subjects (21.0Ϯ0.6) operate the task of a car navigation system of model B.
Tasks
Tasks were designed using a software (Director 8.0J, Macromedia) and tasks were installed in a personal computer (FMV-BIBLO-NB75GA/T, Fujitsu, Japan) connected with a touch panel monitor (17inch LCD monitor, Touch Panel Systems, Japan). The tasks of model A were similarly designed as the product of car navigation system in the market. The tasks of model B were redesigned from the model A. Figure 1 shows the top screen of a car navigation system of model A and model B. Task for model A consists of the following 6 tasks. Task 1 is to activate the system. Task 2 is to set the destination searched by street address, then to cancel the destination. Task 3 is set the destination searched by phone number, then to cancel the destination. Task 4 is to set the destination searched by genre, then to cancel the destination. Task 5 is to set the destination searched by name, then to cancel the destination. Task 6 is to turn the power off the system. Details of Task 2 are to select 'navigation' from the menu ( Fig. 1) , to select 'destination' from the menu (Fig. 2) , to select 'street address' from the menu (Fig. 3) , and to input the street address of destination (Fig. 4) . Model A consists of 7 menus ( Fig. 2 ) and model B consists of three menus in Task 2 (Fig. 5) . Task 3 is similar to task 2 except searching by phone number.
The subjects sit on a chair facing the touch panel monitor in the ordinary room. Figure 6 shows the picture of operating a simulated car navigation system in the present experiment.
Experiment was conducted under the room temperature of 25-28 degrees Centigrade and relative humidity of 40-65%. 384 Variation of Technological Adaptability Evaluated by the Performance and Brain Hemodynamics Measurement Fig. 1 The top screen of a car navigation system of model A. Background noise was 45-50 dB (A) (40-47 dB) at resting state and 50-60 dB (A) during task operations.
Measurements
We have measured the brain hemodynamics (cerebral blood flow of frontal region) using a near-infrared oxygenation monitor TRS-10 (Time Resolved Spectroscopy, Hamamatsu Photonics K.K., Japan) during the operation tasks of a car navigation system. Figure 7 shows a block diagram of TRS-10 for tissue oxygen monitoring (Oda et al., 1999; Oda et al., 2000) . The TRS-10 system consists of a three wavelength (760, 800, 830 nm) of PLP (Pico second Light Pulser) as pulsed light source with a pulse width of around 100 ps, a high speed photomultiplier tube (PMT) with high sensitivity and three signal processing circuits for time-resolved measurement (CFD/TAC, A/D converter and histogram memory). Optical pulse train consisting of 760, 800 and 830 nm is generated by PLP at 5 MHz repetition rate and irradiated a sample through a single optical fiber. The diffuse-reflected light from the sample is collected by a bundle fiber and then detected by the PMT for single photon measurement. After being amplified by a following fast amplifier, a signal processing circuit integrated the TRS data for each wavelength individually.
Two fiber optic bundles (optodes), emitting and collecting near-infrared pulsed laser light, were fixed on both sides of the subject's forehead with an interoptode distance of 45 mm. Absolute concentration changes of oxygenated hemoglobin (O 2 Hb), deoxygenated hemoglobin (HHb), and total hemoglobin (tHb) were recorded using the TRS-10. Operation time of each task was calculated by a protocol analyses by means of video recording of task operation.
Statistical analyses
Non paired student's t-test was used to compare the operation time of model A and model B for both males and females. Hemodynamics changes were analyzed by two way ANOVA (models, tasks). Post-hoc comparisons of means were performed by means of a Fisher's protected least significant difference. Obtained values are shown as the mean and standard deviation (SD) for operation time and hemodynamics change. Statistical significance was accepted at the level of less than pϽ0.05.
Results
Subjects were divided into two groups according to their operation time in Task 2 of model A or model B. Figure 8 and 9 show the result of operation time in task 2 and task 3 of model A. Females of faster operation times showed significantly shorter time than that of males in task 2 of model A (Fig. 8, pϽ0.01) . Females of slower operation times also showed significantly shorter time than that of males (Fig. 9,  pϽ0.05 ). Operation time of females and males did not show any significant difference in task 3 of model A. As shown in Fig. 10 , operation time in task 2 and task 3 of model B did not show any significant difference between females and males of faster operation time. The subjects of slower operation times did not show any significant difference between females and males in task 2 of model B (Fig. 11) . Females of slower operation times showed significantly shorter time than that of males in task 3 of model B (pϽ0.05). Figure 12 shows the menu selection time out of operation time in task 2 of model A and model B. Females selected menu significantly faster than that of males in task 2 of model A (pϽ0.05). However, there was no significant difference between females and males in task 2 of model B. Futhermore, males operated significantly faster to select menu in task 2 of model B than model A (pϽ0.05).
O 2 Hb, HHb, and tHb of both sides of frontal region showed similar changes in the present study (not shown). In this report, we focused on the changes in tHb of left frontal region. The tHb concentration of seventeen females and eighteen males was analyzed. The main effect of tasks was significant on the tHb (F(1, 2)ϭ53.41, pϽ0.0001). As shown in Fig. 13 , tHb concentration of left frontal region of females show significantly lower values than that of males at resting, during task 2, and task 3 (pϽ0.0001). The tHb concentration of females shows significantly higher values during operating task 2 compared to resting (pϽ0.001) and task 3 (pϽ0.05). The tHb concentration of males also shows significantly higher values during operating task 2 compared to resting (pϽ0.001) and task 3 (pϽ0.001). The main effect of models was not significant on the tHb concentration. The tHb concentration was compared between operation time of faster group and that of slower group for each of the females and males. Operation time of the faster group of males shows significantly higher values of the tHb concentration (Fig. 14, pϽ0.05 ).
Discussion
Females of faster operation times showed significantly shorter time than that of males in task 2 of model A (selecting right one from 7 items). Females of slower operation times also showed significantly shorter time than that of males in task 2 of 386 Variation of Technological Adaptability Evaluated by the Performance and Brain Hemodynamics Measurement model A. Females showed to be quick in making decision to select the right one from the menu of many items. Women usually obtain better scores on tests which require rapid matching or identification of designated stimuli. Operation time of females and males did not show any significant difference in task 3 which was similar to task 2. Menu selection time caused longer operation time for males in task 2 of model A. Male subjects seemed to consider the whole structures before their reactions. Therefore, they take time to select the right one. However, when the males once learn the process, they could operate faster. It is suggested that less item of menu could be easier for males to choose the right one at the beginning of menu selection. Female subjects show significantly lower value of tHb than that of male subjects. This coincides with our previous study (Harada et al., 2004) . The tHb of most of the subjects increased during operating task 2. However, some of them showed no changes. Tamura (1994) reported that cerebral blood flow did not change for a subject who was good at mathematics when he tackled a mathematical question. However, other subjects experienced an increase in cerebral blood flow under the same situation. In the present study, when the subjects once learn the process of the task (task 2), task difficulty would decrease with the similar task (task 3). The tHb concentration shows lower values in task 2 than task 3. Therefore, measurement of cerebral blood flow could apply for the evaluation of the task difficulty or adaptability for each person. Furthermore, it was reported that multi-channel nearinfrared oxygenation monitoring could reveal the inter-area relationships in brain hemodynamics during short term memory task (Iwanaga, 2002) . Accordingly, hemodynamics changes has a possibility to evaluate technological adaptability of operating industrial products.
Female subjects showed significantly lower values of blood flow of frontal region than that of male at resting. In the present study, the subjects were divided into sub groups to compare their physiological polymorphism of technological adaptability according to their operation time. Operation time of the faster group of males shows significantly higher values of the tHb concentration. Iwanaga (2004) reported that the study of techno-adaptability should treat physiological responses under the techno-stress from the point of view of whole-body coordination and functional potentiality and data should be classified into several types statistically as physiological polymorphism of techno-adaptability. Furthermore, reported that personality could explain the individual differences in the physiological response. Therefore, it could be possible to apply performance and brain hemodynamics together with other parameters in evaluating the variation of technological adaptability for operating industrial products.
Conclusion
Hemodynamics changes of frontal region shows the significant differences between tasks of operation of a car navigation system. Female subjects showed significantly lower values of blood flow of frontal region than that of male at resting. Operation time of faster group of males shows significantly higher values of the tHb concentration.
Although we have to collect more data, it could be possible to apply performance and brain hemodynamics changes together with other parameters in evaluating the technological adaptability for operating industrial products.
